Background and Purpose-Carotid and Vertebral Artery Transluminal Angioplasty Study (CAVATAS) patients with carotid stenosis were randomized between endovascular treatment and endarterectomy. The rates of residual severe stenosis and restenosis and their contribution to recurrent symptoms was unclear. Methods-Endovascular patients were treated by balloon angioplasty alone (88%) or stenting (22%). Patches were used in 63% of endarterectomy patients. Carotid stenosis was categorized as mild (0% to 49%), moderate (50% to 69%), severe (70% to 99%), or occluded, using standardized Doppler ultrasound criteria at the examination closest to 1 month (nϭ283) and 1 year (nϭ347) after treatment. Recurrent cerebrovascular symptoms during follow-up were analyzed. Results-More patients had Ն70% stenosis of the ipsilateral carotid artery 1 year after endovascular treatment than after endarterectomy (18.5% versus 5.2%, Pϭ0.0001). Residual severe stenosis was present in 6.5% of patients at 1 month after endovascular treatment. Between 1 month and 1 year, restenosis to Ն70% stenosis occurred in 10.5% of the endovascular group. After endarterectomy, 1.7% had residual severe stenosis at 1 month, and 2.5% developed severe restenosis. The results were significantly better after stenting compared with angioplasty alone at 1 month (PϽ0.001) but not at 1 year. Recurrent ipsilateral symptoms were more common in endovascular patients with severe stenosis (5/32 [15.6%]) compared with lesser degrees of stenosis at 1 year (11/141 [7.8%], Pϭ0.02), but most were transient ischemic attacks and none were disabling or fatal strokes. There were no recurrent symptoms in the 9 endarterectomy patients with Ն70% stenosis at 1 year. Conclusions-Carotid stenosis 1 year after endovascular treatment is partly explained by poor initial anatomical results and partly by restenosis. The majority of patients were treated by angioplasty without stenting. Further randomized studies are required to determine whether newer carotid stenting techniques are associated with a lower risk of restenosis. The low rate of recurrent stroke in both endovascular and endarterectomy patients suggests that treatment of restenosis should be limited to patients with recurrent symptoms, but long term follow up data are required. 
T he Carotid and Vertebral Artery Transluminal Angioplasty Study (CAVATAS) was the first large multicenter randomized clinical trial to compare percutaneous endovascular treatment (balloon angioplasty or stenting) with carotid endarterectomy for the treatment of atherosclerotic carotid artery stenosis. 1 Patient recruitment began in 1992 was completed in 1997, and the initial results showed similar risks of stroke or death within 30 days of endovascular treatment (10%) and endarterectomy (9.9%). 1 This complication rate was higher than desirable in both arms but was not significantly different from that recorded in the European Carotid Surgery trial and could have been the result of including high-risk patients. 1 The 2 treatments appeared equally effective at preventing ipsilateral stroke for up to 3 years after randomization. However, the 95% confidence intervals surrounding the comparison of the hazards of each treatment were wide, and concerns about endovascular treatment of carotid stenosis remain. These include the possibility of technical failure to obtain a good initial result and the risk of vessel restenosis leading to recurrent symptoms.
Restenosis is well recognized after coronary angioplasty. 2 Case series of carotid endovascular treatment have reported an incidence of carotid restenosis/occlusion of between 5% and 14%. [3] [4] [5] Restenosis also occurs in up to 24% of patients after carotid endarterectomy. 6 An initial analysis of the ultrasound data from CAVATAS showed that severe stenosis or occlusion at 1 year follow-up was found in 18% of patients allocated to endovascular treatment compared with 5% of patients allocated to surgical treatment. 1 However, the angioplasty techniques used during the development of carotid endovascular treatment in CAVATAS did not always result in full dilation of the lesion. 7 Therefore, during the course of the study, we hypothesized that this measurement of stenosis at 1 year would include some patients who had residual severe stenosis secondary to initial inadequate dilation of the lesion and some with true restenosis over time. We also hypothesized that restenosis might lead to minor symptoms (eg, transient ischemic attacks [TIAs] from flow reduction) but not stroke. In the initial analysis, severe stenosis at 1 year did not appear to be associated with an increase in the rate of recurrent stroke, but we only included strokes lasting Ͼ7 days as specified by the protocol. 1 We therefore carried out a more detailed analysis of the Doppler ultrasound data from CAVATAS to determine the contribution of residual severe stenosis and restenosis to the overall stenosis rate at 1 year and to compare the results after carotid stenting with those after balloon angioplasty alone. We also assessed whether the risk of recurrent ipsilateral ischemic symptoms during early follow-up was influenced by the degree of carotid stenosis after treatment, to determine whether stenosis during follow-up should lead to reintervention.
Methods
The design of CAVATAS has already been reported in detail. 1 In summary, patients with carotid stenosis suitable for both treatments were randomly allocated to undergo percutaneous endovascular treatment or carotid endarterectomy (surgery). Ninety percent of patients were symptomatic within 6 months of randomization, 7% had relevant symptoms Ͼ6 months before randomization, and 3% were completely asymptomatic. Demographic features were well matched in the 2 arms of the trial. 1 Initially, patients randomized to endovascular treatment were treated by percutaneous transluminal angioplasty using balloon catheters. Stents were subsequently allowed, but most were deployed as a secondary procedure after unsatisfactory initial balloon dilation. Wallstents, Palmaz and Strecker stents were used at the discretion of the treating radiologist. Overall, stenting was performed in 22% of those allocated endovascular treatment (26% of procedures). 1 The protocol specified that endovascular patients should be treated with aspirin or an alternative antiplatelet agent for at least 24 hours before the procedure and anticoagulated with intravenous heparin for at least 24 hours after the procedure. Carotid endarterectomy was performed by the technique routinely used by the collaborating surgeon. Perioperative shunts or patches were used in 64% and 63% of surgical procedures, respectively. All patients received antiplatelet therapy and treatment of vascular risk factors during follow-up, which was performed by an independent neurologist or stroke physician at 1 and 6 months, and then at yearly intervals after treatment. All outcome events, including TIAs, amaurosis fugax, and stroke were reported to the central office. The classification of these events was independently confirmed, blind to treatment received, by central and external review.
The ultrasound analysis presented in this article has been restricted to data obtained from centers where reliable facilities for ultrasound examination of randomized patients were available (see Appendix). In general, Doppler ultrasound examination of the carotid arteries was performed before randomization and at 1 year after treatment. Ultrasound was performed at 1 month after treatment in a smaller proportion of patients, but this was not required by the protocol because of budgetary constraints. The timing of the ultrasound examination was calculated from the day of the procedure. However, because ultrasound examinations were not always performed exactly 1 month after treatment, we classified the ultrasound examination closest to 30 days after the procedure as the "1 month" ultrasound, so long as it was performed between 7 and 60 days after the procedure. Similarly, we classified the ultrasound examination closest to 360 days after treatment as the "1 year" ultrasound once it was performed between 181 and 540 days after treatment.
The clinical and Doppler ultrasound follow-up data were analyzed at the coordinating center. The degree of carotid stenosis was graded according to the velocity criteria outlined in Table 1 . These criteria for grading carotid stenosis are identical to recently published criteria, with the exception that a peak systolic velocity (PSV) of Ͼ2.1 m/s, instead of 2.3 m/s, was used to identify an internal carotid artery (ICA) stenosis of Ն70%. 8 This PSV ICA measurement has been shown to have a sensitivity of 94.8% and a specificity of 78.6% in identifying an ICA stenosis of Ն70% using the North American Symptomatic Carotid Endarterectomy Trial (NASCET) method of grading ICA stenosis on digital subtraction angiography. 9 If the PSV ICA , end diastolic velocity (EDV ICA ), or the ratio of the PSV in the ICA to that in the common carotid artery (CCA) spanned Ͼ1 stenosis category, 2 researchers reached a consensus on the carotid stenosis severity, with most emphasis placed on the PSV ICA . When velocity measurements were not available, the degree of carotid stenosis determined by the investigators at the participating center was used. Patients were subsequently categorized as having 1 of the following 4 grades of carotid stenosis: 0 to 49% (mild), 50 to 69% (moderate), 70 to 99% (severe), or 100% (occlusion).
The finding of stenosis during follow up could result from either a poor initial result from angioplasty or surgery (residual stenosis), or recurrence of stenosis after a good initial dilation or successful endarterectomy (restenosis). We defined residual severe stenosis as Ն70% carotid stenosis (or occlusion) at both the 1 month and 1 year ultrasound assessments. Restenosis was defined as the presence of Ͻ70% stenosis at 1 month, with subsequent development of severe carotid stenosis or occlusion at 1 year. Remodeling was defined as the presence of Ն70% stenosis at 1 month, with Ͻ70% carotid stenosis at 1 year.
To investigate whether the risk of experiencing recurrent symptoms during follow-up was influenced by the degree of carotid stenosis after treatment, only the patients who had an ultrasound examination performed at 1 year were included in the analysis. Recurrent symptoms were defined as ischemic cerebrovascular symptoms that occurred ipsilateral to the treated artery between 30 days after the randomized procedure and the date of last follow-up available at the time of analysis. We included TIA, amaurosis fugax, and both nonfatal and fatal ischemic stroke. Symptoms that occurred within 30 days after treatment were excluded from the analysis.
All data were analyzed on an intention-to-treat basis, except when comparing angioplasty with stenting, when on-treatment analysis was performed. The 2 test for trend or Fisher exact test were used for comparison of proportions between groups. The log-rank test was used to compare the frequency of recurrent ipsilateral cerebrovascular symptoms between groups. PϽ0.05 was considered statistically significant.
Results
The 1 month ultrasound assessment was performed in 145 endovascular and 138 surgery patients at a mean of 35 days (range, 7 to 60 days) after treatment. The 1-year ultrasound assessment was performed in 173 endovascular and 174 surgery patients at a mean of 348 days (range, 181 to 524 days) after treatment. 124 endovascular patients and 118 surgery patients had an ultrasound examination performed at both 1 month and 1 year. The median duration of follow-up after randomization was 358 days (range, 181 to 2234 days) in the endovascular group and 363 days (range, 181 to 2152 days) in the surgery group.
In both groups, the ipsilateral median ICA stenosis severity before treatment was 70% to 99%. At both 1 month and 1 year after treatment, endovascular patients had significantly greater stenosis of the treated carotid artery than surgery patients (Table 2) . Carotid occlusion at 1 year was more common in endovascular than surgery patients (4.0% versus 1.1%), but this difference was not statistically significant. Overall, 18.5% of endovascular patients compared with 5.1% of surgery patients had severe carotid stenosis or occlusion at 1 year (Pϭ0.0001).
The rates of residual severe stenosis, restenosis, and remodeling were calculated using data from patients with ultrasound measurements at both 1 month and 1 year. In the endovascular group (nϭ124), severe residual stenosis was present in 8 patients (6.5%) at 1 month, whereas restenosis from a lesser degree of stenosis at 1 month to severe stenosis at 1 year occurred in 13 patients (10.5%; Figure 1 ). Thus, residual severe stenosis, implying poor initial dilation of the lesion, was responsible for 8 of 21 (38%) endovascular patients who were found to have severe stenosis at 1 year. Restenosis occurring between the 1-month and the 1-year measurements was significantly more common in endovascular than surgery patients (Pϭ0.01; Figure 1) . Remodeling of the treated carotid artery between 1 month and 1 year did not occur in the endovascular group and was seen in 2 (1.7%) surgery patients (Pϭ0.47).
The results of endovascular treatment at 1 month were significantly better in stented patients than in those treated with balloon angioplasty alone (PϽ0.001; Figure 2A) . A higher proportion of stented patients had mild or moderate stenosis, and there was a lower frequency of severe carotid stenosis in the stented subgroup (2.5% versus 6.7%). No stented patient had carotid occlusion at 1 month. At 1 year, stented patients still tended to have a lower degree of carotid stenosis compared with the angioplasty alone subgroup, but this difference was not statistically significant (Pϭ0.6; Figure 2B ).
The results in the subgroup of endovascular patients treated with angioplasty alone were similar to the analysis of all of the endovascular patients combined. There was a significantly greater degree of carotid stenosis in the angioplasty alone patients than in those treated with surgery (PϽ0.0001); 17.7% of the angioplasty alone subgroup versus 5.2% of surgery patients had Ն70% stenosis at 1 year. The degree of carotid stenosis was also greater at 1 year in stented than surgery patients (Pϭ0.002); severe carotid stenosis or occlusion was seen in 22% of stented patients versus 5.2% of surgery patients.
Among the endovascular patients with ultrasound measurements at 1 year, recurrent ipsilateral cerebrovascular symptoms during follow-up were significantly more common in patients with severe stenosis than those without severe stenosis (Table 3 ). Five of the 32 patients (15.6%) with Ն70% stenosis at 1 year were symptomatic compared with 11/141 patients (7.8%) with Ͻ70% stenosis (Pϭ0.02). How- Values are No. of patients (%) with each category of stenosis. The overall differences between the endovascular and surgery groups are significant using the 2 test for trend at both 1 month (Pϭ0.0007) and 1 year (PϽ0.0001). ever, most events that occurred in endovascular patients with severe stenosis were TIAs, and there were no disabling or fatal strokes during follow-up. There were no recurrent events in the 9 surgery patients with severe ipsilateral stenosis at 1 year, although recurrent ipsilateral symptoms occurred in 10/165 (6.1%) surgery patients with Ͻ70% stenosis (Pϭ0.5, Table 3 ).
Discussion
CAVATAS is the first multicenter randomized trial to prospectively determine the degree of carotid stenosis during follow-up after both endovascular treatment and endarterectomy for symptomatic carotid stenosis. Our finding of a relatively low rate of severe carotid stenosis or occlusion at 1 month (2.8%) and 1 year (5.1%) after carotid endarterectomy, with a very low rate of recurrent symptoms related to surgical restenosis, is reassuring for patients undergoing surgical treatment.
In contrast to the results after surgery, endovascular treatment was associated with an incidence of severe stenosis or occlusion at 1 year of 18.5%. Analysis of the data from patients with ultrasound measurements at both 1 month and 1 year showed that poor early results, with residual severe stenosis at 1 month, accounted for more than one third of patients with severe stenosis after endovascular treatment at 1 year. This confirms that the high rate of stenosis at 1 year in CAVATAS was in part caused by poor initial results. These were almost certainly caused by the use of inferior techniques of balloon angioplasty during the early stages of development of carotid endovascular treatment in the trial. Initially, balloon angioplasty was performed using a 035 cerebral angiography wire and a standard 6-mm peripheral vascular balloon catheter. The stenosed artery was dilated to the estimated diameter of the normal ICA, but there was invariably subintimal dissection and some elastic recoil of the vessel wall after angioplasty. It was not until the latter half of the trial that stenting was performed in 22% of those allocated endovascular treatment, usually as a secondary procedure in patients with an initial poor result on the immediate postdilation angiogram. It is possible that these early techniques led not only to poor technical results immediately after treatment but also to a higher rate of restenosis during follow-up secondary to neointimal or myointimal hyperplasia in response to excessive vessel dilation.
Our finding that stenting produced significantly superior results at 1 month after treatment compared with balloon angioplasty alone, supports current recommendations that stenting is the endovascular technique of choice for carotid stenosis. The finding that the superior anatomical results with stenting were no longer statistically significant at 1 year may reflect the small numbers of patients stented in CAVATAS but emphasizes the need for the ongoing randomized trials of carotid stenting to measure stenosis severity during followup. It has been suggested that ultrasound is not a satisfactory technique for determining restenosis after carotid stenting, because the difference in compliance between a stent and a native arterial wall could be responsible for an increase in the PSV, leading to an overestimation of the degree of stenosis in a stented artery. 10 Our finding that almost all stented patients who developed a severe increase in PSV did so between 1 month and 1 year makes it unlikely that our findings are artifactual and confirms the value of ultrasound follow-up after carotid stenting.
The risk of recurrent ipsilateral cerebrovascular symptoms distal to an untreated atherosclerotic carotid artery is directly proportional to the severity of the stenosis. [11] [12] [13] [14] In contrast, case series of carotid endovascular treatment have shown that although restenosis may occasionally cause recurrent symptoms, most patients with moderate or severe stenosis after treatment remain asymptomatic at least in the first few years after treatment. [3] [4] [5] [15] [16] [17] Our results support these findings, but we have also shown that the proportion of patients experiencing recurrent ischemic symptoms is significantly increased in patients with Ն70% stenosis at 1 year after endovascular treatment. However, most symptoms that occurred in association with Ն70% stenosis in the endovascular group were TIAs; no patient in this stenosis category had a disabling or fatal stroke during follow-up. This low frequency of symptoms can be explained by the finding that carotid restenosis early after treatment is usually secondary to myointimal hyperplasia rather than recurrent atherosclerosis. 6, 18, 19 Myointimal hyperplasia results in a smooth endoluminal surface, with a lower propensity to undergo ulceration or produce turbulent blood flow and subsequent distal thromboembolism than primary atherosclerotic stenosis. When symptoms occur, they are more likely to be flow-related hemodynamic TIAs. 18 Nevertheless, one must be cautious about concluding that restenosis after endovascular treatment is benign, because of the limited number of outcome events and the relatively short period of follow-up analyzed to date. We are therefore continuing clinical and Doppler ultrasound follow-up of patients in CAVATAS. In the meantime, it is reassuring that recurrent symptoms were very infrequent in the 2 treatment groups, despite the finding of severe carotid stenosis or occlusion in 18.5% and 5.1% of endovascular and surgery patients, respectively. We therefore recommend that treatment for restenosis is limited to patients with recurrent symptoms.
Over the past few years, carotid endovascular techniques have been markedly refined with the availability of wires and stents that are specifically designed for the carotid artery, and it is likely that these modifications will improve the efficacy and reduce the risks associated with treatment in future. 20 However, it remains uncertain whether improved technology will improve the rate of restenosis. It is therefore essential that further long-term data should be obtained from ongoing prospective randomized controlled trials comparing newer techniques of carotid stenting with endarterectomy.
